To assess the immediate consequence of inactivating Drs2p function on vesicle accumulation, two temperaTo determine if Drs2p is involved in vesicle budding events from the Golgi complex in vivo, we crossed drs2⌬ ture-sensitive alleles of drs2 (drs2-12 and drs2-31) were generated by heavy mutagenesis of the central ATPase with three different mutants, sec1, sla2/end4, and vps21, which accumulate post-Golgi transport vesicles. The domain. The drs2-ts alleles rescued the vesicle accumulation phenotype of the sla2 drs2 strain at 24ЊC, although double mutants were examined by electron microscopy (EM) for a vesicle accumulation or Golgi accumulation not quite as efficiently as the wild-type gene ( Figure 2B,  24ЊC) . However, after only 30 min at the nonpermissive (drs2⌬) phenotype. Two different populations of late setemperature, the number of vesicles was reduced to cretory vesicles accumulate in late sec mutants (e.g., half the initial value in the sla2 drs2-ts strains, while the sec1) and are distinguished by density and cargo. Insla2 DRS2 strain showed a modest reduction. By 60 min vertase and acid phosphatase are cargoes of dense at 37ЊC, the sla2 drs2-ts strains exhibited 2-3 vesicles vesicles, while a plasma membrane ATPase (Pma1p) per cell section ( Figure 2B, 37ЊC) , similar to the constitumarks the lighter vesicles. Mutants with a disrupted actively inactive drs2-D560N allele ( Figure 2B ). These retin cytoskeleton (e.g., sla2/end4 or act1-1) accumulate sults argue that Drs2p plays a direct role in vesicle forthe dense, post-Golgi vesicle class but do not accumumation in vivo. late the Pma1p vesicles [5, 6]. The sla2 mutant accumuTo test whether Drs2p plays a role in other vesicle lated an average of ‫21ف‬ vesicles per cell section at budding events, the sec1 drs2⌬ and vps21⌬ drs2⌬ douboth permissive (24ЊC) and nonpermissive (37ЊC) growth ble mutants were analyzed in a similar fashion. The temperatures (Figures 1B and 2A) . Strikingly, the number sec1-1 mutant accumulates both classes of late secretory vesicles, and we observed an average of ‫72ف‬ vesi-2 Correspondence: tr.graham@vanderbilt.edu 3 These authors contributed equally to this work.
Sla2p is homologous to Hip1R, a mammalian protein diate phenotype observed here for AP-1 is not surprising considering that strains carrying mutations in all the that binds both actin and clathrin and localizes to clathrin-coated pits [8] . To determine if the Drs2p-, AP complexes still produce CCVs [11, 12] . However, whether this small defect reflects a primary or secondary clathrin-dependent accumulation of vesicles in the sla2 mutant reflects a specific role for Sla2p or simply an effect of the AP-1 mutation remains to be determined. From the genetic data presented here, we conclude intact actin cytoskeleton, we treated wild-type, drs2⌬, and chc1-5 cells with and without latrunculin-A (lat-A), that Drs2p, clathrin, and potentially AP-1 lie upstream in the production of vesicles that require actin for efficient an inhibitor of actin assembly, and we examined the vesicle accumulation phenotype. As expected and targeting or fusion. In fact, a darkly staining proteinacous coat, resembling clathrin, could be detected on shown before [9] , wild-type cells exposed to lat-A accumulated ‫-56ف‬ to 100-nm vesicles (mean ϭ 81.3 nm), some of the sla2 vesicles ( Figures 3A and 3B dense class of vesicles (which also carry acid phosphatase) and have shown that loss of clathrin function leads to missorting of invertase into the Pma1p vesicles. The from the sla2 (end4) mutant by subcellular fractionation sorting of invertase from Pma1p for inclusion into two were positive for acid phosphatase activity [5] . In order different vesicles almost certainly takes place at the to establish that these vesicles are the same type of TGN in wild-type cells. Surprisingly, however, an effect vesicles that we observe by EM, sla2 cells were histoon invertase sorting is also observed in certain vps muchemically stained to localize acid phosphatase in vivo, tants that perturb trafficking through the late endosome, as previously described for the sec1 mutant [13] . As including strains deficient for Pep12p, which is the late shown in Figures 4A and 4B , electron-dense material endosome t-SNARE. From these observations, it has corresponding to the presence of acid phosphatase acbeen suggested that invertase is sorted from Pma1p at tivity was deposited in the sla2 vesicles. This positions the TGN for delivery to a late endosome, and from there Drs2p and clathrin in the formation of late secretory exocytic vesicles bud and carry invertase to the cell vesicles destined for the plasma membrane in yeast (as surface [16, 17] . However, drs2⌬ does not perturb the suggested by the sec1 data and the presence of exoformation of vesicles targeted to the late endosome. cytic cargo). Consistent with these observations, we Drs2p localizes to the TGN, and the simplest interpretahave also detected a kinetic defect in invertase secretion tion of our data is that these secretory vesicles are budfor drs2⌬, similar to sla2⌬ and clc1⌬ cells (data not ding from the TGN for direct delivery to the cell surface. shown), as reported recently [14] and by others [6, 15] . However, our data do not rule out the possibility that Others have recently shown that invertase is diverted these vesicles are budding from an endosomal intermeinto the Pma1p vesicle class in a clathrin mutant [16, diate, as suggested by other groups. Additional work 17], which is why a complete block in invertase secretion will be required to determine if invertase transits through is not observed in these mutants.
an endosome en route to the cell surface. From the observations reported here, we conclude that a specific class of post-Golgi, exocytic vesicles vivo. The drs2⌬ mutation has very little effect on protein
